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I. REAT. PARTY rM^pppoj 
The real party in interest in this appeal is the Assignee, Lucent Technologies Inc. 
II. RELATED APPF4 LS ANn TNTFR FERENrES 

No other appeals or interferences will Erectly affect, be directly affected by, or have a 
bearing on the Board's decision in this appeal. 

HI. STATUS OF THE nr. A IMS 



Claims 1, 2, 4-12, and 14-24 are pending in this Appl 



ication. 



IV. STATUS OF THE AMFUnp CNTS 

The present Application was filed on June 5, 1 998. The Appellants filed a first Amendment 
on March 28, 2000 in response to an Examiner's Aetion mailed December 28, 1 999. The Examiner 
entered the firs, Amendment and subsequently issued a Final Rejection on June 6, 2000. The 
Appellants then filed a Request for Reconsideration on August 15, 200O. The Examiner mdicated 
that the arguments of the Request for Reconsideration were fully CO n sider ed b „, did not place the 

ApplicationtnconditionforaUowance. The Appellants then filed a Notice of Appeal on September 

20, 2000. 
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V. SUMMARY OF THE INVENTION 



The present invention is directed, in general, to a method for the fabrication of contact plugs 
and, more specifically, to a method for the fabrication of tungsten plugs in an integrated circuit 
device. The present invention provides a method of forming a tungsten plug that exhibits improved 
contact resistance characteristics in the window provided by a rapid thermal anneal without inducing 
failure of the Titanium nitride layer. In general and as presently amended, the present invention is 
directed to method for fabricating a contact in a semiconductor substrate. In the claimed 
embodiment, the method includes depositing by physical vapor deposition a barrier layer in the 
contact opening and depositing a contact metal on the barrier layer. A substantial portion of these 
layers is removed from the surface of the substrate to form the contact plug. The contact plug is then 
subjected to a rapid thermal temperature anneal sufficient to anneal the barrier layer. 

It is important to note that the rapid thermal anneal is performed after the removal process, 
thereby avoiding the damaging effects of performing the rapid thermal anneal immediately 
subsequent to the deposition of the Ti and TiN films. As depicted in (informal) Figure 4 (set forth 
herein as Illustration 1), it is important to note that the TiN layer 415 is very thin, approximately 
5%-20% of the original field film thickness. 
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Thus, in one embodiment, the present invention provides a method wherein the rapid thermal 
anneal is performed after the removal of unwanted portions of W, TiN, and Ti layers, thereby 
minimizing the exposure of the TiN layer 415 to an angular cross section. Also, since only a 
fraction of the field thickness is present during the rapid thermal anneal, the advantages of producing 
TiSi x at the contact surface 522 during the rapid thermal anneal are achieved while avoiding the 
damaging effects associated with conventional processes that perform the rapid thermal anneal 
earlier in the tungsten plug formation process. 

VI. ISSUES 

A. First Issue Presented for Consideration in this Appeal: 

Whether Claims 1, 2, and 4-1 1, as rejected by the Examiner, are patentably nonobvious in 
accordance with 35 U.S.C. § 103(a) over the Applicants' admitted prior art in view of U.S. Patent 
No. 5,827,777 to Schinella, et. al. (Schinella) and U.S. Patent No. 5,462,895 to Chen. 

B. Second Issue Presented for Consideration in this Appeal: 

Whether Claims 12, and 14-23, as rejected by the Examiner, are patentably nonobvious in 
accordance with 35 U.S.C. § 103(a) over the Applicants' admitted prior art in view of U.S. Patent 
No. 5,827,777 to Schinella, et. al. (Schinella) and U.S. Patent No. 5,462,895 to Chen. 

C. Third Issue Presented for Consideration in this Appeal: 
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Whether Claim24, as rejected by the Examiner, is patentably nonobvious in accordance with 
35 U.S.C. §103(a) over the Applicants' admitted prior art in view of U.S. Patent No. 5,827,777 to 
Schinella, et. al. (Schinella) and U.S. Patent No. 5,462,895 to Chen. 

VII. GROI JPTNG OF THF CT A IMS 



Claims 1,2,4-11; 12, 14-23; and 24 do not stand or fall together. Claims 1,2, and 4-11 are 
patentably distinct from Claims, Claims 12, 14-23 and Claim 24. Claims 12-23 are patentably 
distinct from Claims 1,2-1 1 and Claim 24. Claim 24 forms a third group that is patentably distinct 
from Claims 1, 2, 4-1 1 and Claims 12, and 14-23. 

VIII. SUMMAR Y QF REFRRF.N CES RFT TFD DM 
A. Schinella 

Schinella is directed to a process for producing a relatively thin titanium nitride (TiN) barrier 
layer in a contact opening of an integrated circuit. Schinella recognizes the problems associated 
with the use of tungsten hexafluoride and its effect on the TiN layer within a contact structure during 
chemical vapor deposition of tungsten. (Col. 3, lines 12-29). Schinella addresses this problem, 
however, by proposing a method of depositing by physical vapor deposition a very thin layer (e.g., 
thickness ranging from 50 A to 200 A) of TiN. Shinella accomplishes this thin TiN layer by 
growing the TiN from the previously deposited Ti layer by reactive sputtering in the presence of a 
nitrogen bearing species. As noted by the Examiner, however, Schinella does not teach or suggest 
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a step that anneals the Ti/TiN layer after the contact plug formation. The Examiner attempts to 
the deficient teachings of Schinella by combining it with Chen. 



B. Chen 

Chen, in contrast to the teachings of Schinella, is directed to a chemical vapor deposition 
method of forming an adhesive layer for a blanket layer that includes a Ti film, a Ti-rich TiN film 
or a titanium silicide (TiSi x ) film or a TiN (stoichiometric) film within a contact opening. The Ti 
film, Ti-rich TiN film or the TiSi x film is annealed to be converted into a TiSi 2 film (Abstract). It 
is important to note that Chen uses chemical vapor deposition in all embodiments to achieve the 
desired amount of deposition. The flow rates that are needed to obtain the proper stoichiometric TiN 
film are carefully and specifically taught. Furthermore, there is no teaching or suggestion of using 
another type of deposition technique to achieve the proposed deposition scheme. (Col. 2, lines 15-32 
and lines 55-66 and Col. 3, lines 39-54). In fact, Chen teaches that physical vapor deposition (PVD) 
deposited barrier layers lead to "an increase in the resistance of the contact resistance and diffusion 
of tungsten into the Si substrate during the annealing." (Column 1, lines 37-46). 

IX. THE APPELLANTS' ARGUMENTS 
The inventions set forth in independent Claims 1,12, and 24 and their respective dependent 
claims are not obvious in view of the references on which the Examiner relies because the references 
of Schinella and Chen are not properly combined. 

A. Rejection of Claims 1, 2, and 4-1 1 under 35 U.S.C. §103 
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The Examiner asserts that Schinella discloses a process for the use of titanium nitride layers 
with tungsten plugs wherein the tungsten is physically vapor deposited immediately after the barrier 
layer. (Page 4 of the Examiners Action dated December 28, 1999). The Examiner states that 
Schinella fails to teach or suggest subjecting the contact plug to a temperature sufficient to anneal 
the barrier layer. (Page 4 of the Examiners Action dated December 28, 1999). To cure this 
deficiency, the Examiner asserts that Chen discloses a method of making a semiconductor wherein 
the contact plug is subjected to heat treatment to transform the barrier layer into a lower resistance 
material. (Page 5 of the Examiners Action dated December 28, 1999). The Examiner believes that 
it would have been obvious to one skilled in the art to modify the admitted prior art by depositing 
the tungsten immediately after the barrier layer as taught by Schinella, and further modify this 
combination by incorporating the heat treatment as taught in Chen. (Page 6 of the Examiners Action 
dated December 28, 1999). The Applicants respectfully disagree. 

It is well established that to establish a prim facie case of obviousness, three criteria must 
be met. First, there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the references or 
to combine reference teachings. Second, there must be a reasonable expectation of success. Finally, 
the prior art references must teach or suggest all the claim limitations. The teaching or suggestion 
to make the claimed combination and the reasonable expectation of success must both be found in 
the prior art, and not based on Applicants' disclosure. See MPEP §2143 - §2143.03 for decisions 
pertinent to each of these criteria. 

Because of the disparate teachings of Schinella and Chen, one skilled in the art would not 
be motivated to combine their teachings. As is well settled, "[ojbviousness cannot be established 
by combining the teachings of the prior art to produce the claimed invention, absent some teaching 
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or suggestion supporting the combination." ACS Hosp. Sys., Inc. v. Montefwre Hosp., 732 F.2d 
1572,1577, 221 USPQ 929, 933 (Fed. Cir. 1984). The case law also makes clear that one "cannot 
use hindsight reconstruction to pick and choose among isolated disclosures in the prior art to 
deprecate the claimed invention." Ecolochem, Inc. v. So. California Edison, 56 USPQ2d 1065, 
1073 (Fed. Cir. 2000), In re Fine, 837 F.2d 1071,1075, 5 USPQ2d 1780, 1783 (Fed. Cir. 1988). 
Hindsight knowledge of the Applicants' disclose when the prior art does not teach or suggest such 
knowledge, results in the use of the invention as a template for its own reconstruction. This is 
inappropriate in the determination of patentability. Sensonics Inc. v. Garlock, Inc., 220 USPQ 303, 
3 12-3 1 3 (1983). Moreover, where the inventor has achieved the claimed invention by doing what 
those skilled in the art suggested should not be done is a fact strongly probative of nonobviousness. 
KlosterSpeedsteelAB v. Crucible Inc., 793 F.2d 1 565, 230 USPQ 81 (Fed. Cir. 19860, on rehearing, 
231 USPQ 160 (Fed. Cir. 1986). 

The Applicants respectfully submit that one skilled in the art would not be motivated to 
incorporate the method of annealing taught by Chen with the admitted prior art and Schinella in the 
manner suggested by the Examiner. First, there is no suggestion or motivation in the references 
themselves to support their combination. Moreover, the Chen reference teaches away from such a 
combination. 

The admitted prior art and the Schinella reference are directed to methods of forming contact 
plugs wherein the Ti/TiN layers are deposited by physical vapor deposition (PVD). On the other 
hand, Chen is concerned with processes that require chemical vapor deposition (CVD). One skilled 
in the art understands that PVD and CVD are not universally interchangeable techniques. 
Moreover, Chen teaches that PVD-deposited barrier layers lead to "an increase in the resistance of 
the contact resistance and diffusion of tungsten into the Si substrate during the annealing." (Column 
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1, lines 37-46). These are undesirable effects. Thus, Chen expressly teaches away from PVD and 
annealing of the Ti or TiN layers after the tungsten layer has been deposited, as recited in 
independent Claim 1, which is a strong indication of a lack of motivation to combine, and thus, a 
strong indication of a lack of obviousness. Furthermore, this annealing is the very teaching of Chen 
which the Examiner proposes to combine with the PVD techniques of the admitted art and Schinella. 
Because Chen expressly teaches away from the annealing PVD-deposited layer after the W contact 
deposition, as proposed by the Examiner, and because the admitted prior art or Schinella employ 
PVD methods, one skilled in the art would not be motivated to modify the admitted prior art or 
Schinella by incorporating the annealing step of Chen. Also, it is well settled that a combination 
of references is improper if the combination would destroy or hinder the functionality of one of the 
combined devices. If Chen were combined with Schinella, then PVD would be used to deposit the 
layers, which would, according to Chen, provide an undesirable result. For these reasons, the 
combination of Chen with the admitted prior art and Schinella is improper. 

As admitted by the Examiner, without Chen, the combination of remaining references fail 
to teach or suggest every element of independent Claim 1. Neither the admitted prior art nor the 
Schinella reference teaches or suggests, as the Examiner correctly points out, depositing the contact 
metal immediately after deposition of the barrier layer and prior to the anneal step claimed in the 
present invention. Similarly, the only reference that teaches annealing the device after depositing 
the contact metal (Chen), also teaches away from using a physical vapor deposition process for 
forming the barrier layer. Therefore, given that Chen is not properly combined with the admitted 
prior art, the combination of the admitted prior art and Schinella fails to teach or suggest every 
element independent Claims 1, 12 and 24. 
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Add iti „„al, y , fte Appellants respectMy submit mat lhe Examjner , s ^ 
ref ™"«smeApp^^ 
^"•^"artandthenasserts^ 

consritu.es improper hindsight . The Examiner . m ^ ^ ^ ^ ^ ^ ^ 

blue prim t „ reconstruct me claimed inven , ion ou( of (each . ngs ^ ^ ^ ^ ^ 

ft—*,^ v.^^ nWate .P TOrf „ cttCo ., F . 2<i902i907i5uspQ2d 178 ^ 1?92(Fed Cjr 
1 988). This is Carly ,he situation since no, only do the references lack a motivation ,0 combine, 
but also disclose „ express teaching away from their comb.na.ion. Thus, because the references 
arc improperly combine., and b e Cause ^ Examiner has stated that the remaining references fai, 
.o teach or suggest each element of the Appellants- c.aime<, invention, the Examiner has failed to 
es.ab.ish a prima facie case of obviousness with respect ,„ independent Cairn , . Because Claims 

2a„d4-,.depe„duponm d epe„den,C,ai ml ,the E xami„erhasa,sofailed«oe S ,ab,ishaprimafacie 
caseofobvio.tsnesswimrespecttoaesedependen.ciaims.which.heApplican.spoin.e.out.ome 
Examiner during pr„sec„,i„„. Moreover, the Examiner has also fai,ed ,„ offer any additional 
evidence to the contrary to overcome the Applicant, successful rebuttal of the Examiner's prima 

facie case of obviousness. 

Aspreviouslystated Claims!, 2, 4-1 1 do no, stand or fal, togetherwith Claims 12, 14-23 and 
Claim 24. The Appellants' position is based on the fact ,ha, Cairns 1,2, and 4-11 inciu de aifferem 
elements man those found in Claims 12, 14-23 and Claim 24. 

B. Rejection of Claims 1 2, and 14-23 under 35 U.S.C. § 103 

The Examiner has rejected these claims based on the combined teachings of the admitted 
Prior art, Schinella, and Chen. Cairn ,2, on which Cairns ,4-23 depend from, includes similar 
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elements to those recited in Claim 1 , plus additional elements not present in Claim 1 . As previously 
discussed, the admitted prior art, Schinella and Chen are improperly combined. Therefore, any 
rejection based on this combination fails to establish a prima facie case of obviousness for the same 
reasons as set forth above. Moreover, without Chen, as the Examiner has stated, the admitted prior 
art individually or in combination with Schinella fails to teach or suggest the elements recited in 
Claim 12 or its dependent Claims 14-23. Thus, these references also fail to establish a prima facie 
case of obviousness. As such, Claims 14-17 and 19-23 are not obvious in view of the admitted prior 
art, Schinella, or Chen. 

As previously stated, Claims 12 and 14-23 do not stand or fall together with Claims 1,2, and 
4-11 and Claim 24. The Appellants' position is based on the fact that Claims 12 and 14-23 include 
different elements than those found in Claims 1, 2, and 4-1 1 and Claim 24. 

C. Rejection of Claim 24 under 35 U.S.C. § 103 

The Examiner has rejected these claims based on the combined teachings of the admitted 
prior art, Schinella, and Chen. Claim 12, on which Claims 14-23 depend from, includes similar 
elements to those recited in Claim 1, plus additional elements not present in Claim 1 . As previously 
discussed, the admitted prior art, Schinella and Chen are improperly combined. Therefore, any 
rejection based on this combination fails to establish a prima facie case of obviousness. Moreover, 
without Chen, as the Examiner has stated, the admitted prior art individually or in combination with 
Schinella, fails to teach or suggest the elements recited in Claim 12 or its dependent Claims 14-23. 
Thus, these references also fail to establish a prima facie case of obviousness. As such, Claims 14- 
17 and 19-23 are not obvious in view of the admitted prior art, Schinella, or Chen. 
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As previously stated. Claim 24 does no, stand or faH together with Claims 1 , 2, and 4- 11 and 
Claims 12a„d 14 -23. TheAppel,a„,s >s i»ion i sbasedo„ m efac„ha«C,aim24inc,„desdiffere„, 
elements than those found in Claims 1, 2, and 4-1 1 and Claims 12 and 14-23. 

For the reasons « forth above, the Claims on appeal are pa.enu.bly nonobvious over .he 
combi„a,ionofSehinel,aandChe„.Accordi„ g .y, m eAppe.,an,respec,fu„yre q „es K ,ha..heB„ard 
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# 



of Patent Appeals and Interferences reverse the Examiner's Final Rejection of all of the Appellant's 
pending claims. 



Hitt Gaines & Boisbrun, P.C. 
P.O. Box 832570 
Richardson, Texas 75083 
(972) 480-8800 
(972) 480-8865 

E-Mail: cgaines@abstractassets.com 



Respectfully submitted, 




Hitt Gaines & Boisbrun, P.C 



^Charles W. Gaines 
Registration No. 36,804 
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X. APPEND fX A - CLAIMS ^ 

1 • A process for fabricating a contact in a semiconductor substrate ^ng a contact 
opening formed therein, comprising: \^y' 

/ / a / \j ' 

C /^depos.tmg by physical vapor deposition a barrier layer in said contact opening and onSleast 

a portion of said semiconductor substrate; 

depositing a contact metal on said barrier layer within said contact opening 

removing a substantial portion of said contact metal and said barrier lay^from said 

semiconductor substrate to form a contact plug within said contact opening; 

subjecting said contact plug to a temperature sufficient to anneal said blnierlayer. 



2. TheprocessofCIaim 1 wherein said depositing said barrier layer 1 includes depositing 



a titanium layer and depositing a titanium nitride layer on said titanium layer. 



TheprocessofCIaim 1 wh'ekinsaid depositing said barrier layer includes^eptsiting 
said hairier layer in said contact opening formed in a dielectric and having an aspect ratio ranging 
from about 3: 1 to about 5:1. 

&?5. The process of Claim 1 wherein said depositing a contact metal incl^epositing 
tungsten. 



s process of Claim 5 wherein said depositing includes depositinglfenfngsten by 
chemical vapor deposition. 



-4- 6. The/^- 
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7 f^n. /^""H* ^ 

7. The process of Claim 1 wherein said subjecting includes subjecting said coma 7 ctpbg 
to a rapid thermal anneal process. 

8. ^The process of Claim 1 whereVsafd depositinglbirier layer includes ^ , 
thickness of said barrier layer ranging from about 5 nm to about 20 nm within said contact opening 
and forming a field area thickness of said barrier layer on said semiconductor substrate of about 75 
nm or greater. 

9. / The process of Claim 8 wherein said thickness of said barrier layer withinVaid 
contact opening is about 5% to about 20% of said field area thickness. 

10. The process of Claim 8 wherein removing-a^ubstantial portion includes fe^g 
said contact metal and said barrier layer from said field area thickness. 



11. TU )j* 




The process of Claim 10 wherein said removing said contact metal and sai^bSrier 
layer includes removing said contact metal and said barrier layer by chemical/mechanical poling 
processes. 
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12. A process ^fabricating an integrated ^cuit, comprising: 
forming an activedevice on a semiconductor^ubstrate^ - 
forming a contact Opening in a dielectric deposited on said active W said contact 
opening in electrical contact with said active device; 

deposi.ingbyp^va^d^skionabarrierlaycrinsaidcomac.ot^-andona.leas. 
a portion of said semiconductor substrate; 

depositing ^bgcTSetai on said barrier layer within said contact ope^mg; 
removing a'sublTaHtial portion of said contact metal and said bani layer from said 
semiconductor substrate to form a contact plug within said contact opening; 

subjecting saidSfitact plGglo a temperature sufficient to anneal said bLerlaycr. 

M y^ ^ > ■ 

14. The process of Claim 13 wherein said depositing includes depositing^anium 
layer and said titanium nitride layer by physical vapor deposition. 

15. The process of Claim 1 2 wherein said forming said contact opening incl/deTfLing 
said contact opening having an aspect ratio ranging from about 3: 1 to about 5:1. ^ 

16. Theproces S ofClaiml2whereinsaiddepositingacontactmetaIinchB^ositin g 



tungsten. 



(Y) h\ l 

17. The process of Claim 16 wherein kid depositing includes depositiig^tungsten 

by chemical vapor deposition. 
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18. The process of Claim 12 wherein said subjecting includes subjecting^aid contact 
plug to a rapid thermal anneal process for a period rangingfrom about 5 seconds to about 60 
seconds, a temperature of said rapid thermal anneal process ranging from about 600 °C to about 
750°C. 

19. The process of Claim 1 2 wherein said depositing/ barrier layer includes^rming a 
thickness of said barrier layer ranging from about 5 nm to about 20 nm within said contact opening 
and forming a field area thickness of said barrier layer on said semiconductor substrate of about 75 
nm or greater. 

t-PP I ^ ^5 V*, 

20. The process of Claim 19 wherein said thickness of said barrier layer wifeuVsaid 
contact opening is about 5% to about 20% of said field area thickness 

! 

21 . The processof CTaim 19 wherein removing a substantial portion includes'removing 
said contact metal and said barrier layer from said field area thickness. 

22. The process of Claim 2 1 wherein said removing said contact metal and said'barrier 
layer includes removing said contact metal and said barrier layer by chemical/mechanical polishing 
processes. 

23. The process of Claim 12 wherein forming said active device includes/orming an 
active device having a design width of about 0.25 microns or less. 
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24, A process for fabricating a contact in a semiconductor substrate hayingV contact 

"v\ Xvv 

opening formed therein, comprising: Jv ) 

depositing a barrier layer in said contact opening and on at least a portion of said 
semiconductor substrate; 

depositing a contact Wal on said barrier layer within said contact opening;^" 
removing a substantial portion of said contact metal and said barrier layeTfrom said 

semiconductor substrate to form a contact plug within said contact opening; and 

yiw.^ ' 1/ • 

subjecting said contact plug to a temperature sufficient to anneal said barrier layer. 
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